A new triterpenoid, 21,28-epoxy-18β,21β-dihydroxybaccharan-3-one (1), with a spiro-hemiketal side-chain, has been isolated from the liverwort Lepidozia chordulifera. The plant also yielded (6S*,7S*)-3-norhimachal-1-en-3-one (3), an epimer of a known norhimachalane, the rare 3β-hydroxy-22,23,24,25,26,27-hexanordammaran-20-one and the triterpenoids shoreic acid, taraxerol, betulinic acid, betulonic acid and ursolic acid. Their structures have been assigned on the basis of their spectroscopic properties.
The liverwort Lepidozia chordulifera T. Taylor (Lepidoziaceae) was first described by Thomas Taylor in 1846 and grows in loose, whiteish to olive coloured tufts [1] . It belongs to the order Jungermanniales that has over 3500 different species and is the largest order within the bryophytes [2] . Most Lepidozia species are found in tropical parts of the southern hemisphere. In Europe, only three species are found, L. pinnata and L. pearsonii, that prefer the Atlantic regions, and L. reptans, one of the most widespread liverworts of the Northern hemisphere, where it is ubiquitous except for the Arctic region [3a] . The plant material examined here was collected on a field trip to Neuquén, Argentina.
Liverworts are interesting phytochemically because many of them contain a range of terpenoids, often with new or unusual skeletons [3b] . Many liverwortderived compounds are reported to be biologically active, showing, for example, antimicrobial, antifungal and cytotoxic properties [3b] . In the course of our on-going research on liverwort natural products [4] we have studied the constituents of the dichloromethane extract of L. chorodulifera. The crude extract was first fractionated by size-exclusion chromatography and then a combination of vacuum liquid chromatography and HPLC of the fractions led to the isolation of 21,28-epoxy-18β,21β-dihydroxybaccharan-3-one (1), a new triterpenoid with an usual spiro hemiketal ring system. In contrast to many other liverworts, triterpenoids represented the main constituents of the dichloromethane extract of L. chordulifera. In addition to the baccharane (1), the following triterpenes were found: shoreic acid (4) [5a] about 500 mg, represented the major constituent of the dichloromethane extract. 3β- 23, 24, 25, 26, , a rare nor-triterpenoid, was also detected. The plant also yielded (6S*,7S*)-3-norhimachal-1-en-3-one (3), an epimer of an already known norhimachalane [6] . Shoreic acid has previously been reported from another liverwort, Blepharidophyllum densifolium
The mass spectrum of compound 1 showed a molecular weight of 456, which corresponds to a molecular formula of C 30 H 48 O 3 and six double bond equivalents. The 1 H NMR spectrum revealed the signals of seven methyl groups between δ H 0.85 and 1.06 and, in addition, three protons associated with oxygenated functions at δ H 3.42, 3.52 and 4.22. The 13 C NMR spectrum showed 30 signals. The following functionalities could be assigned: a ketone at δ C 218.1, a hemiketal at 97.6 and two oxygenated carbons, one secondary (δ C 78.8) and one primary (δ C 69.2). Thus the structure was pentacyclic. However, the structural characteristics of the known pentacyclic triterpenoids did not match the information provided by the spectral analysis. Examination of the HMBC spectrum was especially helpful in solving this problem: the HMBC correlations between the hemiketal carbon C-21 (δ C 97.6) and methyls Me-29 (δ H 0.85. d), d ) and H-22 (δ H 1.67) suggested that C-21 was vicinal to an isopropyl group. Moreover, C-21 correlated with the oxymethylene protons H-28a/b whose position was in turn determined by HMBC correlations between C-18 and H-28a/b and H-19a, and C-28 and H-18 and H-19a . It was hence assumed that the hemiketal function was part of the side chain of a tetracyclic triterpene and that this side chain was cyclised through the hemiketal functionality that was formed by C-21 and the hydroxymethylene C-28 resulting in a spiro ring attached to ring D of the triterpenoid skeleton. The observation of 4 J (W) couplings between H-28a (ax) and H-18 (ax) and between H-28b (equat) and H-19b (equat) suggested a stable chair conformation for the hemiketal ring as in 2.
Correlations in the NOESY spectrum between H-13 and H-28b, H-18 and Me-27, H-16 (ax), H-19b and H-12α, and between H-28a and H-19a and H-16β (equat) , are consistent with conformation 2. The correlations of the methyl signals in the HMBC spectrum (Table 2 ) led to the deduction of a baccharane skeleton for 1 with a ketone at C-3. Compound 1 is therefore 21,28-epoxy-18β,21β-dihydroxybaccharan-3-one. (1) in CDCl 3 . Baccharanes are rare triterpenoids. They were first reported in 1983 by Shoji et al. [7] who isolated hosenkol A, a baccharane with a similar spiro ring, from the seeds of a Balsaminaceae (Impatiens balsamina).
The GCMS spectrum of (6S*,7S*)-3-norhimachal-1-en-3-one 3, gave a peak at m/z 206 consistent with a molecular formula of C 14 H 22 0 and hence four double bond equivalents. Two of these were accommodated by an αβ-unsaturated ketone as revealed by the 13 C NMR spectrum (δ C 200.3, 126.5 and 176.0 C-1 and C-2. Investigation of the two-dimensional NMR spectra provided further proof of structure: C-1 correlated with the geminal methyls Me-12 and Me-13 in the HMBC spectrum while the H-H-COSY spectrum revealed correlations between the vicinal methylene protons H-4a/H-4b and H-5a/H-5b of the six-membered ring. Furthermore, H-5a and H-5b correlated with the methine proton H-6. The ring junction involving C-1 and C-6 was shown by the HMBC-correlations between H-6 and C-11, C-1 and C-2. The position of the doublet methyl at C-7 was determined by the HMBC-correlations between C-6 and Me-14 and between C-7 and H-6 and Me-14 as well as by the H-H-COSY correlation between H-7 and Me-14. The assignments of the remaining carbons of the heptacyclic ring could unambiguously be carried out by further analysis of the 2D-spectra (see Table 2 ). The stereochemistry of the molecule was analysed by a NOESY experiment. Correlations between H-6 and Me-12 and between Me-13 and Me-14 were detected, presumably indicating some conformational mobility of the seven-membered ring. These results led to the assignment of structure as (6S*,7S*)-3-norhimachal-1-en-3-one 3. The absolute configuration was not determined. A stereoisomer of this compound was isolated from an insect, Aphthona flava [6a] and later synthesised by Muto et al. [6b] .
Experimental
Spectroscopy and Spectrometry: Optical rotations were measured in CHCl 3 . NMR spectra were recorded in CDCl 3 ( 1 H NMR: 500 MHz, 13 C NMR: 125 MHz). The IR spectra were recorded on a BioRad FTS-3000 spectrophotometer. The UV spectra were recorded on a Shimadzu UV mini-1240 UV-VIS spectrophotometer. For GCMS spectra a Hewlett Packard 5890 Series II with a HP 5971 Series Mass Selection Detector G1512 A was used. The mass spectra (70 eV) were recorded in the positive EI mode.
Plant material: Lepidozia chordulifera T. Taylor was collected in March 1997 by Prof. R. Mues (Saarland University) at 770-850 m near Puerto Blest, in the Nahuel Huapi National Park in Neuquén Province, Patagonia, Argentina. The liverwort was growing on an unidentified dead tree. A voucher specimen is retained in the Department of Botany, Saarland University (Herbarium Drehwald, No. 970045) .
Extraction and isolation:
The air-dried plant material (284 g) was powdered by freezing with liquid nitrogen and crushing in a metal mortar and extracted with CH 2 Cl 2 in a percolation tube at 40°C for two days. After removal of the solvent the crude extract (11.9 g) was chromatographed by CC on Sephadex LH-20 (150 x 2.5 cm i.d.) with MeOH:CH 2 Cl 2 (1:1) as eluent, to give four fractions (4.9 g, 3.4 g, 2.0 g, 468 mg, respectively). The Sephadex fraction 2 (3.4 g) was separated using a combination of VLC and HPLC. For VLC silica gel 15 μm was used and for HPLC a silica gel column (Knauer LiChrospher 100 Si, 5µm) was used. Fraction 2 (6.21 g) was first separated by VLC (silica gel, n-hexane-EtOAc gradient) and gave the fractions 2.1 (0-1% EtOAc, 40 mg), 2.2 (1.5 -3% EtOAc, 144 mg), 2.3 (3.5-4% EtOAc, 110 mg), 2.4 (4-8% EtOAc, 260 mg), 2.5 (8-10% EtOAc, 160 mg), 2.6 (10-16% EtOAc, 230 mg), 2.7 (16-30% EtOAc, 564 mg), 2.8 (30-45% EtOAc, 461 mg), 2.9 (45-100% EtOAc, 450 mg). Fraction 2.7 was pure shoreic acid (4). Fraction 2.3 was separated by HPLC (silica gel, n-hexaneEtOAc 95:5) to yield 1 (4 mg) and taraxerol (18 mg). The Sephadex fraction 3 (2.0 g) was separated using a combination of VLC and HPLC as above. Fraction 3 (6.21 g) was first separated by VLC (n-hexaneEtOAc gradient) and gave fractions 3.1 (0-1% EtOAc, 41 mg), 3.2 (1.5% EtOAc, 28 mg), 3.3 (1.5-2% EtOAc, 38 mg), 3.4 (2-2.5% EtOAc, 19 mg), 3.5 (2.5-3% EtOAc, 102 mg), 3.6 (3.5-4% EtOAc, 130 mg), 3.7 (4-9% EtOAc, 197 mg), 3.8 (9-14% EtOAc, 143 mg), 3.9 (14-16% EtOAc, 50 mg), 3.10 (16-30% EtOAc, 272 mg), 460 mg) . Fraction 3.6 contained a white precipitate which was filtered off and identified as taraxerol (7 mg) . The remaining mother liquor was separated by HPLC (n-hexane-EtOAc 96:4) to yield five fractions. Fraction 3.6.2 was spathulenol (9 mg), a very common sesquiterpenoid in the Hepaticae, fraction 3.6.4 was pure (6S*,7S*)-3-norhimachal-1-en-3-one (3) (18 mg).
On separation by HPLC (n-hexane-EtOAc 92:8), fraction 3.8 yielded betulonic acid (4 mg) in fraction 3.8.3, and 3β-hydroxy-22,23,24,25,26,27-hexanordammaran-20-one (6 mg) in fraction 3.8.11. Fraction 3.8.1 was a mixture of fatty acids whose main compound palmitic acid was readily identified by methanolysis/GC-MS. HPLC separation of fraction 3.9 (n-hexane-EtOAc 85:15) resulted in the isolation of 5 mg betulinic acid (fraction 3.9.4). 2 mg of ursolic acid were obtained by HPLC separation of fraction 3.10 (n-hexane-EtOAc 85:15). Epoxy-18β,21β-dihydroxybaccharan-3 
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